A total of 336 newborn pigs (DNA 241 × 600, initially 3.83 ± 0.114 lb BW) were used in a 63-d study evaluating the effects of increasing injectable Fe dose on preweaning and subsequent nursery pig performance and blood Fe status. GleptoForte (Ceva Animal Health, LLC, Lenexa, KS) contains gleptoferron which is an Fe macro-molecule complex that is used as an injectable Fe source for preweaned piglets. A total of 28 litters were used and on the day of processing (approximately d 3 after birth) all piglets were weighed and six barrows and six gilts per litter were allotted to 1 of 6 treatments in a completely randomized design. Treatments consisted of a negative control receiving no Fe injection and increasing injectable Fe to achieve either 50, 100, 150, 200 mg; or 200 mg plus a 100-mg injection on d 11 post-farrowing. Piglets were weighed and blood samples were taken on d 3, 11, and 21 of age to determine blood Fe status and growth performance. Then pigs were weaned at approximately 21 d of age and allotted to nursery pens based on body weight (BW) and corresponding treatment in a completely randomized design with 5 or 6 pigs per pen and 10 pens per treatment. Common diets were fed throughout the nursery in 3 phases. Blood samples were taken on d 21 (weaning), 35, and 63 to determine blood Fe status.
Summary
A total of 336 newborn pigs (DNA 241 × 600, initially 3.83 ± 0.114 lb BW) were used in a 63-d study evaluating the effects of increasing injectable Fe dose on preweaning and subsequent nursery pig performance and blood Fe status. GleptoForte (Ceva Animal Health, LLC, Lenexa, KS) contains gleptoferron which is an Fe macro-molecule complex that is used as an injectable Fe source for preweaned piglets. A total of 28 litters were used and on the day of processing (approximately d 3 after birth) all piglets were weighed and six barrows and six gilts per litter were allotted to 1 of 6 treatments in a completely randomized design. Treatments consisted of a negative control receiving no Fe injection and increasing injectable Fe to achieve either 50, 100, 150, 200 mg; or 200 mg plus a 100-mg injection on d 11 post-farrowing. Piglets were weighed and blood samples were taken on d 3, 11, and 21 of age to determine blood Fe status and growth performance. Then pigs were weaned at approximately 21 d of age and allotted to nursery pens based on body weight (BW) and corresponding treatment in a completely randomized design with 5 or 6 pigs per pen and 10 pens per treatment. Common diets were fed throughout the nursery in 3 phases. Blood samples were taken on d 21 (weaning), 35, and 63 to determine blood Fe status.
During the preweaning phase, increasing injectable Fe up to 100 mg improved (quadratic; P < 0.05) average daily gain (ADG) and d 21 BW with no further improvement thereafter. There was no evidence of differences (P > 0.10) between the 200 mg and 200 mg + 100 mg treatments for growth. For the nursery period, increasing Fe dosage improved (linear; P < 0.05) ADG, average daily feed intake (ADFI), and d 63 BW. Also, increasing injectable Fe up to 150 mg improved (quadratic; P = 0.007) feed efficiency (F/G) with no further improvement with increased dosage. There was no evidence of differences (P > 0.05) between the 200 mg and 200 mg + 100 mg treatments for growth.
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Introduction
Newborn pigs develop Fe deficiency in the first week of life due to low Fe storage at birth, low levels of Fe in sow colostrum and milk, and the rapid growth rate that occurs during this period of a pig's life. 4 Because of this, an Fe injection within the first week after birth is commonly used in the swine industry to prevent Fe deficiency. The negative consequences of absence of an Fe injection during this period on piglet growth and subsequent nursery performance is well established (2008) . 5 Typically, a 200 mg Fe dose sourced from iron dextran is used. Furthermore, Jolliff and Mahan (2014) determined that an extra injection of 100 mg of Fe from iron dextran at d 10 of age can improve Fe status at weaning and initial postweaning performance.
6 Interestingly, Lipinski et al. (2010) determined that a 200 mg injection of Fe from iron dextran in a single dose can reduce the bioavailability of Fe by increasing the expression of hepcidin which suppresses serum Fe circulation and leads to inadequate development of red blood cells compared to a single injection of 100 mg of Fe or 2 injections of 40 mg of Fe. 7 GleptoForte (Ceva Animal Health, LLC, Lenexa, KS) is an injectable Fe source that contains gleptoferron. Gleptoferron is a macro-molecule complex that has the potential for increased bioavailability, which allows for improved Fe status at weaning for pigs and potentially improved growth performance. The optimal dose of Fe from iron dextran in pigs is 200 mg provided 3 d after birth to maximize growth and blood iron status (1997) . 8 However, research is not available that describes the optimal dosage of Fe from gleptoferron that supports maximum pre-and post-weaning growth performance and Fe status. Therefore, the objective of this study was to determine the effects of increasing injectable Fe dosage in newborn pigs on preweaning and nursery performance as well as blood criteria. 
Farrowing Performance
A total of 336 newborn pigs (DNA 241 × 600, initially 3.83 ± 0.11 lb BW) were used in a 63-d study. A total of 28 litters were used with number of pigs per sow equalized on each day before weaning. On the day of processing (approximately 3 d after birth), all piglets were weighed, and, within litter, six barrows and six gilts were allotted to 1 of 6 treatments in a completely randomized block design. There was 1 barrow and 1 gilt per treatment for each sow. The six treatments consisted of a negative control receiving no injectable Fe, or 50, 100, 150, or 
Nursery Performance
Pigs were weaned at approximately 21 d of age and allotted to pens based on BW and previous Fe treatment in a completely randomized design with 5 or 6 pigs per pen and 10 pens per treatment. Each pen (4 × 4 ft) had metal tri-bar flooring, one 4-hole selffeeder, and a nipple waterer to provide ad libitum access to feed and water. Pigs and feeders were weighed on d 10, 17, 24, 31, and 42 after weaning to determine ADG, ADFI, and F/G.
Feed
All diets were corn-soybean meal based (Table 1) . Common nursery diets were fed in all nursery phases. Phase 1 diets were fed in pellet form and Phase 2 and 3 were fed in meal form. Phase 1 diets were prepared at a commercial mill (Hubbard Feeds, Beloit, KS) and the Phase 2 and 3 diets were prepared at the Kansas State University O.H. Kruse Feed Technology Innovation Center, Manhattan, KS. Each diet contained an added 110 ppm Fe from ferrous sulfate (FeSO 4 ) provided by the trace mineral premix. Phase 2 and 3 diets were formulated to include 50 g/ton of carbadox (Mecadox, Phibro Animal Health Co., Stamford, CT).
Blood, Feed, Fecal, and Water Analysis
Blood was collected via jugular venipuncture from one barrow per treatment per litter on d 3, 11, 21, 35, and 63 after birth. Blood criteria measured included: hemoglobin (Hgb) and hematocrit (Hct) using an ADVIA 2021i Hematology System (Siemens Healthcare Diagnostics, Tarrytown, NY) and serum Fe and total Fe binding capacity (TIBC) using a COBAS C501 Chemistry Analyzer (Roche Diagnostics, Indianapolis, IN). Blood samples were processed at the Kansas State University Veterinary Diagnostic Laboratory, Manhattan, KS.
Diet samples were collected directly from feeders and 6 pooled samples were submitted for analysis of dry matter (DM), crude protein (CP), Ca, P, and Fe content (Ward Laboratories, Inc., Kearney, NE; Table 2 ).
Fecal samples from 8 sows were also collected on d 3, 11, and 21 of the trial and pooled into a single sample, and then were submitted for duplicate analysis of Fe content (Experiment Station Chemical Laboratories, University of Missouri-Columbia, MO). Water samples from 6 different farrowing crates and 6 different nursery pens were collected on each weigh day and pooled into a single sample and were then submitted for duplicate analysis of Fe content (Ward Laboratories, Inc., Kearney, NE).
Statistical Analysis
Growth data of preweaned piglets were analyzed using the individual pig as the experimental unit and crate and gender as random effects. Nursery growth data were analyzed with pen as the experimental unit and room as a random effect. Blood criteria from preweaned pigs were measured as a repeated measure with individual pig as the experimental unit and crate as a random effect. Blood criteria from nursery pigs were analyzed as a repeated measure with pen as the experimental unit. Growth data were evaluated using linear and quadratic effects of Fe dosage from 0 to 200 mg and a pairwise comparison of the 200 mg vs. 200 + 100 mg treatments using preplanned CONTRAST statements. Blood criteria were evaluated similarly, except accounting for the repeated measures over time. Differences between treatments were determined using least squares means. A P-value ≤ 0.05 was considered significant and 0.05 < P ≤ 0.10 was considered marginally significant. The PROC GLIMMIX procedure of SAS version 9.4 (SAS Institute, Inc., Cary, NC) was used for all statistical models.
Results and Discussion
Chemical Analysis
Results of water analysis collected from farrowing crates averaged 1.22, 0.90, and 0.24 ppm Fe on d 3, 11, and 21, respectively. Results of water analysis collected from nursery pens averaged 0.03, 0.01, and 0.03 ppm Fe on d 0, 14, and 42, respectively. These analyses revealed water contained low Fe concentrations as expected since water originated from a municipal water source. Results of fecal analysis collected from sows during farrowing averaged 1,735; 1,610; and 1,140 ppm Fe on d 3, 11, and 21, respectively. These analyses revealed high levels of Fe were present within the feces of sows, but the Fe may be bound in a form that is unavailable to affect Fe status of preweaned pigs. Analyzed Fe content in the phase 1 nursery diet was higher than formulated values, while phase 2 and 3 analyzed values were slightly lower than expected. All dietary Fe levels were well above the requirement of nursery pigs as indicated by NRC 2012. 
Preweaning Growth Performance
From d 3 to 11, ADG of piglets improved (quadratic; P = 0.002) with increasing injectable Fe up to 50 mg with no further improvement thereafter (Table 3) . Day 11 BW of piglets increased (quadratic; P = 0.018) with increasing injectable Fe up to 50 mg with no further improvement thereafter. improvement thereafter. Overall, ADG and d 21 BW increased (quadratic; P = 0.001) with increasing injectable Fe dose up to 100 mg with no improvement observed thereafter. Furthermore, there was no evidence for differences in preweaning performance between the 200 mg and 200 mg + 100 mg injectable Fe treatments.
Nursery Growth Performance
From d 21 to 31 after weaning, increasing injectable Fe administered during preweaning improved (linear; P < 0.05) ADG and ADFI (Table 4) These data suggest that, up to weaning, a 100 mg injection of Fe maximized growth performance, but for subsequent growth performance in the nursery, the 200 mg injection maximized growth performance. A 200 mg Fe dose at processing resulting in greater performance in the nursery is consistent with previous research. The addition of a 100 mg booster of Fe administered at d 11 after birth did not provide a performance benefit in either preweaning or the nursery.
Hematological Criteria
As expected, there was no evidence of difference (P > 0.10) observed for any hematological criteria measured on d 3 prior to the Fe injection (Table 5) . For Hgb, a significant treatment × day interaction (P = 0.001) was observed. The interaction occurred because pigs receiving less than 150 mg of injectable Fe had decreased Hgb values to d 21 and then values increased to d 63 at a faster rate compared to the higher doses. We believe this demonstrates that iron was being absorbed at a faster rate from the diet for the pigs that were provided iron below their requirement prior to weaning. The results suggest that 200 mg of Fe is the optimal dosage for the greatest Fe status at weaning and in the nursery. The improvement in blood Fe status during the nursery stage to increasing Fe up to a 200 mg dose is consistent with previous research.
A 100 mg additional dose midway through preweaning has the ability to improve blood Fe status through weaning and the first phase of the nursery, but no additional benefits are observed for growth performance. Also, we observed that by d 42 in the nursery, feeding diets that are sufficient to meet the pig's Fe requirement restored blood Fe measurements in pigs that received low doses of supplemental Fe at processing during preweaning, with hematological indicators at the end of the nursery stage being similar to those that received the high doses of Fe. Although blood Fe status is recaptured at the end of the nursery stage, final body weight and nursery growth performance of these pigs receiving the low Fe injection was still poorer than that of the pigs receiving the 200 mg dose.
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